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By Roger H. Sanders 

SUMMARY 

A study w a s  made t o  determine the magnitude of t h e  e r ro r s  encountered 
when t h e  following assumption i s  made i n  t h e  RTCC log ic  f o r  t h e  lunar  o r b i t  
i n s e r t i o n  maneuver. 
for t h e  m a x i m u m  and minimum acceptable azimuths and f o r  any intermediate 
azimuth a t  lunar landing were propagated back t o  t h e  LO1 po in t ,  t h e  angular 
momentum vector for t h e  intermediate azimuth would be i n  t h e  plane defined 
by t h e  vec tors  f o r  t h e  maximum and m i n i m u m  azimuths. The r e s u l t s  of t h e  
study show t h a t  t h e  e r ro r s  involved are  small enough i n  magnitude t o  cause 

The assumption i s  t h a t ,  i f  t h e  angular momentum vec tors  

INTRODUCTION 

There w i l l  be maximum and minimum acceptable val 

l i t t l e  concern about t h e  accuracy of the RTCC LO1 l og ic .  

f o r  t h  azimuth 
of t h e  spacecraft  s t a t e  vector during lunar landing. I n  order t o  def ine  
t h e  plane created by these  two azimuth values a t  LOI ,  t h e  angular momentum 
vec tors  f o r  these  values a t  lunar landing a r e  propagated backward approxi- 
mately 21 hours t o  t h e  LO1 poin t  where they define t h e  plane. The assump- 
t i o n  made i n  t h e  RTCC log ic  i s  t h a t  if t h e  angular momentum vector of an  
intermediate (between the  maximum and minimum) azimuth value during 
landing were propagated backward t o  the LO1 point,  it would be contained 
i n  t h e  plane defined above. 
e a r t h  and sun g rav i t a t iona l  perturbations,  e t c . ,  e r r o r s  i n  both A$ and 
8 a r e  incurred with t h i s  backward propagation. This study was 
i n i t i a t e d  i n  order t o  v e r i f y  t h a t  excessive e r ro r s  would not be caused by 
t h i s  assumption. Obviously t h i s  v e r i f i c a t i o n  i s  necessary i n  order t o  
insure  t h e  s f ae ty  of t h e  crew as w e l l  as t h e  success of t h e  mission. 

Due t o  the oblateness of t h e  moon, and t h e  

LO1 

I n  s e t t i n g  up t h e  study, a wide range of azimuths over t h e  landing 
s i t e  as well  as severa l  landing s i t e s  themselves were considered i n  order 
t o  insure  a reasonable range of cases would be covered. Several combina- 
t i o n s  of maximum, minimum, and intermediate azimuths Over t h e  landing s i t e  
were prec is ion  in tegra ted  backward i n  time t o  the approximate LO1 po in t  
where t h e  e r ro r s  i n  A$LoI and B were determined. 

and a r e  shown i n  t h e  enclosed figures.  
These e r r o r s  were p l o t t e d  
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SYMBOLS 

LO1 

RTCC 

lunar o r b i t  i n se r t ion  

Real-Time Computer Complex 

@LS 

AJILoI 

selenographic azimuth over landing s i t e ,  deg 

d i f fe rence  between minimum acceptable azimuth over 
landing s i t e  and intermediate azimuth over Same Si te ,  

deg 

d i f fe rence  between minimum acceptable azimuth over 
landing s i t e  propagated backward t o  LO1 and i n t e r -  
mediate azimuth over landing s i t e  a l s o  propagated 
backward t o  L O I ,  deg 

d i f fe rence  between A$= and A$,,,, deg "LO1 ERROR 

B 

plane defined by angular momentum vectors of maximum 
and minimum acceptable azimuths over landing s i t e  
propagated backward t o  LO1 

angle between un i t  normal of defined plane P 

t h e  angular momentum vector of an intermediate azimuth 
over landing s i t e  propagated backward t o  LOI, deg 

and mm 

m i s s  distance of intermediate azimuth angular momentum 
vec tor  when propagated back t o  defined plane Pmm, deg B~~~~~ 

ANALYSIS 

An i n i t i a l  landing s i t e  was a r b i t r a r y  chosen t o  be at 0' longitude 
and 0' l a t i t u d e .  From t h i s  s i t e  s t a t e  vectors with maximum and m i n i m u m  
acceptable azimuths of -95 .Oo and -85 .Oo , r e spec t ive ly ,  were chosen. 
Intermediate azimuth values of -87 .Oo , -90 .Oo ,  and -92.0' were a l s o  chosen. 
Each s t a t e  vector with t h e  above mentioned azimuth over t h e  landing s i t e  
w a s  then  propagated backward 21 hours (10.5 revolu t ions)  t o  a point near 
LOI. A t  t h i s  point t h e  plane created by the  m a x i m u m  and minimum azimuth 
values (P  

achieve a un i t  normal t o  t h a t  plane. 
intermediate azimuth s t a t e  vectors a t  t h i s  po in t  near LO1 w e r e  then  dot ted  
i n t o  t h e  un i t  normal mentioned above t o  obta in  a measure of t h e  e r r o r  

) w a s  defined by crossing t h e i r  angular momentum vectors t o  mm 
The angular momentum vectors of t he  
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involved with t h e  21-hours backward propagation. 
B ind ica tes  t h a t  t he  intermediate azimuth would s t i l l  be contained i n  t h e  
plane P a t  t h e  point near LOI .  The e r r o r  i n  A$ was a l s o  determined 

a t  t h i s  po in t  near LO1 by do t t ing  t h e  angular momentum vector of t h e  
minimum acceptable azimuth i n t o  the  angular momentum vector of t h e  i n t e r -  
mediate azimuth. By subt rac t ing  t h e  value of AqLS from t h e  corresponding 

value of A$,,,, a d i r e c t  measure of  the e r r o r  involved with t h i s  parameter 

i s  obtained. This same proceaure f o r  determining e r ro r s  i n  B and A$ 

w a s  followed using other combinations of azimuth and landing s i t e s  as 
shown i n  t a b l e  I. 

A value of 90.0' f o r  

mm LO I 

LO1 

The in t eg ra t ing  t r a j e c t o r y  program ARM05 was used t o  propagate t h e  
s t a t e  vectors backward from t h e  landing s i t e s  t o  the  point near L O I .  
program considered nearly a l l  of t h e  expected perturbations ac t ing  on 
a spacecraf t  i n  lunar o r b i t ,  even though t h e  only s ign i f i can t  perturbations 
proved t o  be the  moon's zonal and s e c t o r i a l  harmonic coe f f i c i en t s  (52 and 
522) .  

This 

RESULTS 

Figure 1 shows the  e r ro r s  i n  B for a landing s i t e  l a t i t u d e  of 0.0'. 
It i s  r ead i ly  apparent from t h e  figure t h a t  as t h e  angle between the  
maximum and m i n i m u m  acceptable azimuths increases ,  t h e  e r r o r  induced i n  
B a l s o  increases.  Another f a c t  obtained from t h e  f igu re  i s  t h a t  as t h e  
acceptable azimuth range moves away from t h e  -90.0' value the  e r ro r s  i n  
B t end  t o  become l a rge r .  
t h i s  -90.0' value has upon t h e  e r rors  i n  8 .  

This i s  because of a symmetrical e f f e c t  t h a t  

Figures 2 and 3 show t h e  e r rors  i n  B f o r  landing s i t e  l a t i t u d e s  of 
5.0' and -5.O', respectively.  These f igures  a r e  qui te  similar t o  f igu re  1 
with t h e  exception t h a t  t h e  symmetrical e f f e c t  about t h e  -90.0' azimuth 
value has experienced a s l i g h t  s h i f t  due t o  the  d i f fe rence  i n  landing s i t e  
l a t i t u d e s .  

Figure 4 shows t h e  e r r o r s  i n  A+LoI f o r  t he  th ree  landing s i t e  la t i -  

tudes of O.Oo, 5.0', and -5.0'. I n  t h i s  f i gu re  it i s  quickly noted t h a t  
t h e  e r r o r s  i n  A$,,, a r e  almost d i r e c t l y  porportional t o  A$ 

landing s i t e  l a t i t u d e s .  This proportion of A$ e r r o r  t o  A$ averages 

out t o  approximately 0.375 percent for t he  t h r e e  landing s i t e  l a t i t u d e s  
considered. 

f o r  a l l  t h r e e  LS 

LO1 LS 
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C ONCLUSI ONS 

It may be concluded from t h e  r e s u l t s  of t h i s  study t h a t  t h e  e r ro r s  
incurred when using t h e  RTCC LO1 log ic  a r e  i n s i g n i f i c a n t .  
errors t h a t  can reasonally be expected a r e  0.1' i n  A+ 

B .  
maximum expected miss distance of t h e  landing s i t e  when using t h e  RTCC 
LO1 log ic .  

The m a x i m u m  
and 0.004O i n  LO1 

This 0.004' e r r o r  i n  €4 may a l s o  be thought of  interchangeably as t h e  
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